On translocation mechanism of ring-shaped helicase along single-stranded DNA.
The ring-shaped helicases represent one important group of helicases that can translocate along single-stranded (ss) DNA and unwinding double-stranded (ds) DNA by using the energy derived from NTP binding and hydrolysis. Despite intensive studies, the mechanism by which the ring-shaped helicase translocates along ssDNA and unwinds dsDNA remains undetermined. In order to understand their chemomechanical-coupling mechanism, two models on NTPase activities of the hexamers in the presence of DNA have been studied here. One model is assumed that, of the six nucleotide-binding sites, three are noncatalytic and three are catalytic. The other model is assumed that all the six nucleotide-binding sites are catalytic. In terms of the sequential NTPase activity around the ring and the previous determined crystal structure of bacteriophage T7 helicase it is shown that the obtained mechanical behaviors such as the ssDNA-translocation size and DNA-unwinding size per dTTPase cycle using the former model are in good quantitative agreement with the previous experimental results for T7 helicase. Moreover, the acceleration of DNA unwinding rate with the stimulation of DNA synthesis by DNA polymerase can also be well explained by using the former model. In contrast, the ssDNA-translocation size and DNA-unwinding size per dTTPase cycle obtained by using the latter model are not consistent with the experimental results for T7 helicase. Thus it is preferred that the former model is the appropriate one for the T7 helicase. Furthermore, using the former model some dynamic behaviors such as the rotational speeds of DNA relative to the T7 helicase when translocation along ssDNA and when unwinding dsDNA have been predicted, which are expected to test in order to further verify the model.